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Heat Treatment of Chromium P l a t e  
on S t e e l  

Ob.fect 

To determine maximum e f f e c t s  of  very high tempera- 

t u r e  heat  treatment o f  chromium pla . t ed  s t e e l  

References - 
X. 0. 48-A14 

L e t t e r s  0.0. 400.111/3854-Fledler, Marcell ,  R. I . A o  
( 400.lll/l02 ) 

Conclusions 

Chromium p l a t e  on s t e e l  i o  hard, brittle, and f u l l  

of cracks which reach t o  t h e  base metal. Corrosion re- 

s istance i s  poor. 

Heat t r ea tmen t  of tile chrornium p l a t e  causes (1) f o r -  

mation of a l l o y s  of i r o n  and chromium a t  the  i n t e r f a c e ,  

and ( 2 )  e l imina t ion  of cracks with r e s u l t a n t  tremendous 

inc rease  i n  cor ron ion  r e s i s t a n c e  o f  t h e  plated s u r f a c e ,  



and ( 3 )  s o f t e n i n g  of the  p l a t e  wi th  i n c r e a s e  i n  i t s  

ductility. 

During h e a t  t reatment  the  o x i d a t i o n  of t h e  chromium 

surface r e s u l t s  i t  i t s  being hardened skin-deep. 

E tch ing  w i t h  FeC13 i s  necessary  t o  r e v e a l  the s tsuc -  

t u r e  of the Cr p l a t e  and a l l o y  forma.tion. 

The presence o f  h igh  t r i v a l e n t  Cr c o n t e n t  i n  p l a t i n g  

b a t h  i n h i b i t s  b u i l d i n g  up t h i c k  p l a t e s  of Cr on s t e e l .  

Recommendation 

It is recommended that t h e  s tudy  be con t inued ,  at-  

t e n t i o n  be ing  paid t o  the l o c a l i z e d  e f f e c t s  of hea t lng  

by high frequency c u r r e n t s .  

I n t r o d u c t i o n  

The adhesion of p l a t e  t o  s t e e l  surfaces i s  of para- 

mount importance in Ordnance which requires c o r r o s i o n  r e -  

sistant surfaces.  It is the experience of t h e  Ordnance 

Department t h a t  complete r e l i a b i l i t y  upon t he  adhesion 

of p l a t e  t o  s t e e l  subjec ted  to wear, as on p i s t o n  r o d s ,  

i s  n o t  t o  be had. 

Metallurgists a r e  t u r n i n g  t o  h e a t  treatment i n  o rde r  

t o  improve the  performance of p l a t e d  a r t i c l e s .  Thls Re- 

p o r t  desc r ibes  the maximum e f f e c t s  t o  be had from h e a t  

treatment of Chrome plated s t e e l .  



Naterial and Procedure 

S o f t  s t e e l  p ipe was machined t o  g ive  a f r e s h  c u t  

s t e e l  surface and was then  chrome p l a t e d  under  d i f f e r e n t  

c o n d i t i o n s .  The behav io r  i n  sa l t  spray  and t n e  hardness 

and m i c r o s t r u c t u r e  b e f o r e  and a f t e r  h e a t i n g  t o  llOO°C f o r  

e igh t  hou r s  and fu rnace  coo l ing  were no teu .  

Re s u l t  s 

F igure  1 shows that  before  h e a t  t r e a t m e n t ,  chrome 

p l a t e d  s t e e l  r u s t e d  ex t ens ive ly  i f  exposed t o  the  sa l t  

spray, whereas,  a f t e r  hea t  t r e a t m e n t  no r u s t  o t h e r  t han  

t h a t  a d j a c e n t  t o  c u t  s u r f a c e s  was ev fden t .  

F igure  2 shows t h e  m i c r o s t r u c t u r e  of chrome p l a t e d  

s t e e l  b e f o r e  and a f t e r  h e a t  t r ea tmen t .  Before  h e a t  

t r e a t m e n t ,  t h e  p l a t e  i s  full of  c racks  which reach t h e  

base meta l ,  b u t  a f t e r  heat t r e a t m e n t  these  cracks are  

absen t .  N i t a l  e t c h i n g  does n o t  enhance the  evidence of 

t h e  exis tence  of an a l l o y  between s t e e l  and chromium 

a f t e r  heat  t r ea tmen t  ove r  t h a t  i n  t h e  unetched cond i t i on .  

But e t c h i n g  w i t h  FeC13 does reveal the  e x i s t e n c e  of  an 

a l l o y  v e r y  p l a i n l y , a s  shown i n  F igure  3. The hardness 

as r e v e a l e d  by Bierbaum's mic rocha rac t e r  i s  a l s o  shown. 

The ha rdnes s  of  Cr plate i s  lowered from Vicker'  s Br ine11  

724 t o  139 by d i f f u s i o n  h e a t  t r e a t m e n t .  Study r evea l ed  

t he  presence of numerous cracks around t h e  V i c k e r ' s  

irnpressfon on t h e  hard Chromium p l a t e ,  and the  absence 



of  these cracks aroun& the Vickerls impression in t he  

n e a t - t r e a t e d  and sof tened  Chromium p l a t e .  T h i a  may be 

t aken  as an i n d i c a t i o n  of the improvement i n  d u c t i l i t y  

of the p l a t e  due t o  h e a t  t r ea tmen t .  

An i n t e r e s t i n g  observa t ion  i s  shown on t he  bottom 

p r i n t  of F igure  3, (ME 428). The surface of the Chromium 

p l a t e  was oxid ized :  Grain boundar ies  and o l d  crack l i n e s  

a r e  f i l l e d  with a dove gray c o n s t i t u e n t  t aken  t o  be an 

oxide. This must have formed a s o l i d  s o l u t i o n  with t h e  

Chromium f o r  the extreme outs ide  edge i s  very hard. 

D i  scuse ion  

The presence of  t r i v a l e n t  Chromium i n  t h e  p l a t i n g  

bath i n  amounts ove r  ca. 1 oz/sal. i n h i b i t s  the  b u i l d i n g  

up of thick p l a t e .  

The e f f e c t  of ve ry  high s u l f a t e  con ten t  i n  the  

chrome bath was magked by the presence of hlgh t r i v a l e n t  

Chromium. Eviden t ly  it i s  no t  v e r y  d e l e t e r i o u s ,  A t  

first i t  was b e l i e v e d  that high s u l f a t e  coun te r ac t ed  t n c  

e f f e c t  of high t r i v a l e n t  Chromium, but  only, i f  a t  a l l ,  

t o  the  extent  of g e t t i n g  a f lash  o f  Chromium on t h e  

surf ace. 

Rough machined surfaces a r e  plated e x c e p t i o n a l l y  

w e l l .  

Heat treatment t o  cause  d i f f u s i o n  of  t h e  p l a t e  i n t o  

t h e  base metal b r ings  about  a tremendous inc rease  i n  



corrosion resistance. Adherence of the p l a t e  to the 

base metal  would a l s o  be enhanced. The d u c t i l i t y  of the 

plate i s  increased by heat  treatment. 

The hardening of  t h e  surface of the  p l a t e  by oxi- 

dizing during heat t reatment  o f f e r s  interesting poss i -  

bilities and, if it can be c o n t r o l l e d ,  would be of  va lue  

t o  Ordnance. 

Respectfully submitted,  

P e t e r  R. Koeting -d 





Chromium P l a t e  on S t e e l  - 

S t e e l  on bottom; mounting medium on top ;  C r  plate i n  middle 

FCrl X l O O O  Nital Etch lviE402 - 
34.0 oz/gal. chromic acid 
4 oz /ga l .  t r i v a l e n t  C r  
3 .4  oz /ga l .  s u l f a t e  
3.8 v ;  1 arnp/sg.in; 

102/104 F; 1 hour  
Coating:  0.0008t1 thick, 

cracked ,  s t e e l  exposed. 

' FCr2 X l O O O  Unetched NE405 

34.0 oz/gal .  chromic acid 
4 oz/gal. t r i v a l e n t  Cr 
3.4 oz/gal. s u l f a t e  
7 v ;  3 amp/s p; 

102/108 F ,  1 1/2 hr s .  
Coating:  O.OOO1l t  t h i c k ,  

cracked, s t e e l  exposea. 

S t e e l  on bottom: C r  p l a t e  on t o p  

FCr5 X l O O O  Nital Etch ME407 
d- 

33.4 oz/gal. chromic acid  
.4 oz/gal. t r i v a l e n t  C r  
. 4  odrra.1. s u l f a t e  

5.6 v ; '  5 amp/oq.in; 
1 0 8 / 1 1 8 0 ~ ;  10 3/4 hrs .  

Coating: 0.008" t h i c k ,  cracked, 
cracks pene t ra ted  t o  
s t e e l  base. 

FCr5H X l O O O  Unetched XE410 

Sameoas FCr5 o n l y  heated 
t o  1150 C ,  8 h r s ,  f u rnace  
cooled.  S t e e l  diffused i n t o  
Cr and C r  d i f f u s e d  i n t o  s t e e l .  
Some o l d  cracks ox id i zed .  
D i f fu s ion  p roces s  s e a l e d  
c r a c k s  which p e n e t r a t e d  as 
f a r  as s t e e l  before d i f f u s i o n .  

FCr5 X l O O  Nital E tch  ME406 - 

Same a s  above. 

FCrSH X l O O  Unetcbed KE409 

Same as above,  

Fig. 2 



Fig.  3 

Scratch hardness of Cr Pla t e  on Stee l .  Bier- 
baum Microcharacter 3 g. load .  FeClg etch X500. 
TOP PCr5 ( l e f t )  steel base: Vickers Hardness, 10 Kg, 

135, (right) Cr plate: Vickers Hardness, 10 Kg,?24 
Middle FCr5H, heat  treated C r  p l a t e  11500C, 8 h r s ,  

Furnace cooled, ( l e f t )  s t e e l  base: Vickers Hard- 
, 131, ( r i g h t )  C r  plate: Vickers Hord- 
middle), hard l aye r  of Fe-Cr alloys. 

Bottom Outslde edge of FCr5H (Le f t )  Oxidized Cr plate 
a t  surface i s  hard. ( r i gh t )  C r  p l a t e  further from 
surface i s  sof te r ,  






